Purpose This guideline aims to serve as a reference for fertility specialists and other specialists working with young patients at risk of premature ovarian insufficiency (POI) or testicular dysfunction (TD) due to treatment of Hodgkin or Non-Hodgkin lymphoma. Methods PubMed search of articles addressing risk of POI and TD according to different treatment protocols used in lymphoma patients. PubMed search of articles presenting different options for fertility treatment in cancer patients. Results The risk of POI/TD depends on the protocol used with the highest risk in patients treated with haematopoietic stem cell transplantation/bone marrow transplantation (HSCT/BMT) and the lowest risk in patients treated with ABVD (Adriamycin, Bleomycin, Vincristine and Decarbazine). The different options of fertility preservation are discussed and their relevance according to treatment protocol, age of the patient and urgency to start treatment. Conclusion Fertility issues should be discussed with all women of fertile age. Fertility preservation should be offered to young women when relevant. Children should be informed together with their parents. All men should be offered semen cryopreservation regardless of protocol used. At present, there are no established methods of fertility preservation in prepubertal boys. This guideline offers suggestions to the most preferred methods of fertility preservation according to treatment protocol, age of the patient, and urgency to start treatment.
Background
Both Hodgkin (HD) and non-Hodgkin lymphomas (NHL) are rare cancers with an incidence of 2-3/100,000 for HD and 7-12/100,000 for NHL [1] . The 5-year survival rates for both sexes and all ages combined is 85 % for HD and 50-60 % for NHL [1] .
Treatment and risk of ovarian failure in female patients
A number of protocols are applied in the treatment of HD dependent on stage of disease and other factors. Standard first line treatment is often ABVD (Adriamycin, Bleomycin, Vincristine and Decarbazine), which very rarely results in premature ovarian insufficiency (POI) [2] [3] [4] . Treatments following protocols that contain alkylating agents induce POI more often, varying from 20 to 85 % depending on the protocol [5] [6] [7] . Patients treated with bone marrow transplantation (BMT) run a high risk of POI due to the preconditioning protocol with high dose alkylating agents and/ or total body irradiation (TBI), especially if treated as adults [6, [8] [9] [10] [11] . Abdominal irradiation also causes POI in most cases depending on age of the patient, location of radiation field and total dose received [12] Treatment and risk of testicular failure in male patients Treatment with MOPP (Nitrogen mustard, Oncovin, Procarbazine and prednisone) for HD causes azoospermia in 85-90 % of patients after >3 courses [13, 14] . Gonadotoxicity of the ABVD protocol is mild with 90 % of patients having normal sperm counts 12 months after therapy [15] . In general, protocols containing alkylating agents and/or nitrogen mustard pose a high risk of inducing permanent impairment of spermatogenesis [16] . Treatment with BMT has a high risk of causing gonadal damage in men and boys [16] . The testes are very sensitive to irradiation and doses of >4 Gy cause permanent damage [16] .
Options for fertility preservation in females
Co-treatment with a GnRH-analog Randomized controlled trials using a Gonadotropin Releasing Hormone agonist (GnRH-a) during treatment in order to prevent POI in premenopausal women during cancer treatment have shown various results. One recent study did not find GnRH-a to have any protective effect on the ovarian function [17] , while another recent study did find a reduction in the incidence of POI in the GnRH-a treated women [18] Cryopreservation of oocytes Oocytes can be aspirated in connection with In Vitro Fertilization (IVF) and vitrified shortly after retrieval. Lately the technique has improved significantly with survival rates after thawing approaching those seen with embryo cryopreservation [19] . Certain centres now have live birth rates using vitrified oocytes similar to those achieved with fresh oocytes [19] . However, urgency to start the chemotherapy usually only allows one treatment cycle limiting the number of oocytes available for storage.
Cryopreservation of embryos
If the woman has a partner, embryos as a result of IVF can be cryopreserved prior to chemotherapy. Thawed embryos can be transferred at a later stage when the woman has been cured of her cancer. However, urgency to start the chemotherapy usually only allows one treatment cycle limiting the number of embryos available for storage.
Cryopreservation of ovarian tissue
Ovarian tissue cryopreservation (OTC) has developed during the past 1-2 decades. One entire ovary, ovarian biopsies or semi-ovaries are cryopreserved most often using the slow-freezing protocol [20] or vitrification [21] . Autotransplantation of the cryopreserved/thawed tissue has led to return of menses and endogenous hormone production in women with treatment induced POI [22, 23] and to the birth of currently 20 healthy infants worldwide. All births have derived from orthotopically transplanted tissue frozen using the slow freezing protocol. Studies have found the tissue to last for 3-4 years on average per transplantation depending mainly on the woman's age at the time of freezing and the amount of tissue transplanted [24] .
In vitro maturation (IVM) of oocytes IVM is a term that covers the maturation of germinal vesicle (GV)-stage oocytes from follicles no larger than 12 mm from stimulated or unstimulated cycles. IVM requires a laboratory that is capable of in vitro maturing these oocytes to mature metaphase II oocytes that can then either be vitrified, or fertilized and cryopreserved as embryos. Implantation rates following transfer of in vitro matured oocytes is lower than in routine IVF cycles <10 %, and also the rate of early pregnancy loss seems to be higher [25, 26] . Nevertheless, for certain cancer patients in urgent need of fertility preservation this may be an option [27] . Another possibility is to collect immature oocytes in connection to ovarian tissue freezing in order to in vitro mature them for vitrification to optimise the fertility preservation programme [28, 29] .
Risk of re-introduction of the disease Replacement of frozen embryos generated before chemotherapy does not appear to pose a risk of re-introducing the disease.
Transplantation of cryopreserved/thawed ovarian tissue from HD or NHL patients is considered low risk in terms of causing relapse, since lymphomas rarely metastasize to the ovary. Histological evaluations of crypreserved/thawed ovarian cortical biopsies have not shown any signs of malignant cell infiltration in all but one case [30, 31] . Worldwide published data on women with an original diagnosis of HD or NHL with ovarian tissue transplantation have been without reports of relapse due to the transplantation.
Options for fertility preservation in males
Cryopreservation of spermatozoa Semen cryopreservation is a well-established method to preserve fertility in men before gonadotoxic therapy with success rates after assisted reproduction techniques using the banked semen ranging from 33 % to 56 % [13] . One has to bear in mind, though, that often-particularly in HD patients-the sperm quality may be poor due to the underlying disease itself, even before start of treatment.
In cases where the man is unable to produce a semen sample by masturbation or in case of the young pubertal boys, transrectal electro-ejaculation in general anesthesia may be used; although in this latter group experience is still scarce [32] .
Cryopreservation of testicular tissue Testicular tissue cryopreservation could be an option for young pre-pubertal boys unable to produce a semen sample, although this procedure is still experimental. The frozen/thawed tissue containing the spermatogonial stem cells could either be transplanted to the testes of the boy after he has reached adulthood or xenotransplanted to a mouse for further maturation and harvest [14, 16] . Although this has not yet been done in humans, testicular germ cell harvest, cryopreservation and transplantation has shown to be effective in mice [33] .
Risk of re-introduction of the disease Testicular tissue removed from a patient before treatment has the potential to re-introduce the disease after the patient has been cured if transplanted. This risk is considered low in patients with HD. An alternative approach to circumvent this threat is to in vitro mature the spermatogonial stem cells, although this is not yet possible in humans.
Clinical recommendations in females
When to refer?
If in doubt about the potential impact of a given treatment on a patient's fertility, oncologists or haematologists should refer the patient to a fertility expert before chemotherapy or radiation therapy to council and advice her before treatment. Young patients less than 30 years receiving only ABVD may only need to be informed about their good prognosis by their oncologist, but women receiving protocols containing an alkylating agent or radiation therapy below the diaphragm or BMT are advised to consult a fertility expert before treatment.
Who are eligible for fertility preservation?
Patients who are treated with ABVD only have a very limited risk of POI and do not require fertility preservation in most cases.
Patients treated with combination protocols including at least one alkylating agent such as BEACOPP (Bleomycin, Etoposide, Adriamycin, Cyclophosphamide, Vincristin, Procarbazine and prednisone), CHOEP (Cyclophosphamide, hydroxydaunorubicin, vincristin, etoposide and prednisone) or ChlVPP (Chlorambucil, vinblastine, procarbazine and prednisolone) should be individually assessed and offered fertility preservation if the risk of POI is high (>30-50 %) depending on age of the patient, duration of treatment and protocol used.
Patients receiving BMT should be offered fertility preservation, because of a high risk of POI.
Patients with infra-diaphragmatic disease in whom abdominal radiation is planned should be offered fertility preservation because of a high risk of POI Which fertility preservation method to use?
Co-treatment with a GnRHa is relatively easy and is low cost, but the protective effect is still questionable.
Cryopreservation of oocytes or embryos can be performed, but often there is not enough time for the patient to undergo an IVF cycle, because the initiation of treatment against the cancer is more urgent. Pregnancy rates per frozen embryo replacement (FER) vary between 13.6 and 23.8 % based on more than 66.000 FER cycles in 26 European countries [34] and even higher in the US varying from 21 to 38.7 % based on 11,858 transfers (data from SART: www.sartcorsonline.com).
OTC can often be performed on a very short notice and is thus suitable as fertility preservation in patients with an urgent need before the initiation of chemotherapy. In most lymphoma patients with a need for fertility preservation it is thus recommended as first choice. Also, in the young prepubertal girls OTC is the only option for fertility preservation. Any contraindications against an operative procedure such as disseminated disease, leuko-or trombocytopenia or other factors representing a high risk of operative complications must exclude OTC. OTC and -transplantation has a high chance of re-establishing the ovarian function in terms of endogenous hormone production and return of menstrual cycles, whereas it is still not an established method of securing fertility and thus pregnancies after transplantation, although a number of children already have been born by former HD patients following transplantation of frozen/ thawed ovarian tissue [24, 35] How long cancer treatment can be delayed is entirely up to the treating oncologist, and fertility experts should act according to their recommendations and only perform fertility preservation if time allows it.
Clinical recommendations in men
Cryopreservation and storage of sperm is easy and noninvasive and should be offered to all men prior to a cancer treatment regardless of the risk of testicular failure.
In cases where the patient is unable to produce a semen sample, for instance in the adolescent male, electroejaculation could be considered.
In boys, cryopreservation of testicular tissue is the only option to secure fertility, but this is still experimental and should only be offered as part of a research programme.
Why is fertility preservation important?
Psychosocial research studies have shown that cancerrelated infertility has a high impact on the quality of life of cancer survivors. Securing fertility before cancer treatment should thus have a high priority given its psychological and social significance to the individual [36, 37] .
Summary
The risk of gonadal failure after treatment of HD or NHL varies depending on the protocol. ABVD has a low risk of inducing gonadal failure in both men and women, whereas treatment protocols containing alkylating agents and/or nitrogen mustard possess a higher risk. The majority of patients receiving HSCT/BMT will experience gonadal failure due to the preconditioning protocol consisting of highdose chemotherapy with alkylating agents with or without TBI.
Several options exist to preserve fertility in these patients. For men cryopreservation of sperm can be performed with good results. For young, pre-pubertal boys cryopreservation of testicular tissue is the only option available, although still experimental. For women, there are several options to secure fertility with the aim to either protect the function of the ovaries (GnRH-a co-treatment) or freezing of eggs (fertilized or un-fertilized) or ovarian tissue.
Conclusions
Fertility should be discussed with all patients at risk of gonadal failure due to treatment. Ideally, this discussion should be held by a fertility expert with special interest in fertility preservation, but oncologists, haematologists, paediatricians or other specialists treating cancer patients can also address this issue with the patient before treatment. In case of minors, the discussion should take place together with the child's parents.
Cryopreservation of sperm should be offered to all men regardless of risk of gonadal failure. It is a simple, low cost and efficient method of preserving fertility, which most patients have time to undergo before treatment. In cases where it is difficult to produce a semen sample, for instance in the adolescent male, electro-ejaculation can be offered in order to obtain an ejaculate. For pre-pubertal boys the only option to secure fertility is cryopreservation of testicular tissue, but this is still experimental.
In women, different options of fertility preservation exist and whichever is applied depends upon the woman's wish, the urgency to start treatment, the age and the marital status of the patient. If the risk of POI is very low, like in patients receiving ABVD, fertility preservation may not be needed. For those receiving chemotherapy with alkylationg agents, abdominal radiation or BMT fertility preservation should be considered if the general health of the patient allows it. If there is time for controlled ovarian stimulation (COS), freezing of oocytes or embryos is recommended. Cryopreservation of embryos is a well established method with good chances of giving rise to a pregnancy and can be performed in women with a partner. Vitrification of oocytes can be offered to single women and the results after thawing and replacement are now nearing those obtained with embryos. However, in HD or NHL patients urgency to start treatment often does not leave time for an IVF cycle to be completed, and for these patients cryopreservation of ovarian tissue is a valid option, since it can be performed within a few days without delaying treatment. Additionally, this method secures the re-establishment of the woman's own endogenous hormone production for a number of years after transplantation. IVM can be performed either in connection to cryopreservation of ovarian tissue or alone, but the pregnancy rates are lower than after IVF with cryopreservation of embryos or vitrification of oocytes, so other options of fertility preservation should be preferred or offered as well, if possible. Co-treatment with a GnRH-a may offer some protection to the ovary against the gonadotoxicity of chemotherapy, but randomized, controlled trials show varying results, so it should not stand alone. In young, pre-pubertal girls the only option of fertility preservation is cryopreservation of ovarian tissue, which should be offered when there is a high risk of POI, for instance in those where BMT is planned.
